The annual prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in Malaysia has been estimated to be 30 % to 40 % of all S. aureus infections. Nevertheless, data on the antimicrobial resistance and genetic diversity of Malaysian MRSAs remain few. In 2009, we collected 318 MRSA strains from various wards of our teaching hospital located in Kuala Lumpur, the capital city of Malaysia, and performed antimicrobial susceptibility testing on these strains. The strains were then molecularly characterized via staphylococcal cassette chromosome (SCC) mec and virulence gene (cna, sea, seb, sec, sed, see, seg, seh, sei, eta, etb, PantonValentine leukocidin and toxic shock syndrome toxin-1) typing; a subset of 49 strains isolated from the intensive care unit was also typed using PFGE. Most strains were found to be resistant to ciprofloxacin (92.5 %), erythromycin (93.4 %) and gentamicin (86.8 %). The majority (72.0 %) of strains were found to harbour SCCmec type III-SCCmercury with the presence of ccrC, and carried the sea+cna gene combination (49.3 %), with cna as the most prevalent virulence gene (94.0 %) detected. We identified four PFGE clusters, with pulsotype C (n=19) as the dominant example in the intensive care unit, where this pulsotype was found to be associated with carriage of SCCmec type III and the sea gene (P=0.05 and P=0.02, respectively). In summary, the dominant MRSA circulating in our hospital in 2009 was a clone that was ciprofloxacin, erythromycin and gentamicin resistant, carried SCCmec type III-SCCmercury with ccrC and also harboured the sea+cna virulence genes. This clone also appears to be the dominant MRSA circulating in major hospitals in Kuala Lumpur.
INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is a well-known pathogen that causes both hospital-and community-acquired infections. Its methicillin resistance is due to the acquisition of the mecA gene contained in a large mobile genetic element known as the staphylococcal cassette chromosome (SCC) (Ito et al., 2003) . mecA codes for a penicillin-binding protein 2¢ that reduces cell affinity for b-lactams. Epidemic nosocomial MRSA strains were introduced into Malaysia in the early 1970s, and their prevalence reported to have increased from 28 % in 1992 to 36 % in 1996 (Ghaznavi-Rad et al., 2010 Norazah et al., 2001 ). In the following decade, Ghaznavi-Rad et al. (2010) reported an annual MRSA prevalence of 40 % in Hospital Kuala Lumpur (HKL), the largest hospital in Malaysia. As data on the molecular epidemiology of Malaysian MRSA strains remain limited, we carried out this study to determine the molecular epidemiology of MRSA strains isolated from our teaching hospital, also located in Kuala Lumpur, via SCCmec, virulence gene detection [cna, sea, seb, sec, sed, see, seg, seh, sei, eta, etb , Panton-Valentine leukocidin and toxic shock syndrome toxin-1 (TSST-1)] and PFGE typing.
METHODS
Study location, bacterial strains and patient demographic data collection. UKM Medical Centre (UKMMC) is a 1000-bed teaching hospital located in the heart of Kuala Lumpur, Malaysia's capital city (Tan et al., 2016) . We collected the first isolate of each MRSA infection recorded in 2009 for our study. Isolates were established as strains and re-confirmed as MRSA by cefoxitin susceptibility testing according to the Clinical and Laboratory Standards Institute guidelines (CLSI, 2007) . Strains were then maintained at À80 C with 80 % glycerol. Patient demographic data such as age, gender, ethnicity, ward of admission and source of MRSA isolation were recorded.
Antimicrobial susceptibility testing. All MRSA isolates were tested for antimicrobial susceptibility by disc diffusion with Mueller-Hinton agar (Becton, Dickinson and Company) (CLSI, 2007) . The antibiotics tested and their concentrations were ciprofloxacin (5 µg), erythromycin (15 µg), fusidic acid (10 µg), gentamicin (10 µg), oxacillin/cloxacillin (1 µg), penicillin (10 U), chloramphenicol (30 µg), clindamycin (2 µg), mupirocin (5 µg), teicoplanin (30 µg), rifampicin (5 µg) and vancomycin (30 µg) (Oxoid Microbiology Products; Thermo Fisher Scientific).
SCCmec and virulence gene typing. Chromosomal DNA was extracted from MRSA strains using a Qiagen-DNeasy Blood and Tissue extraction kit (Qiagen) according to the manufacturer's instructions. Determination of strains SCCmec type was carried out using multiplex PCR with protocols as described previously by Kondo et al. (2007) . Carriage of 13 toxin genes, namely, collagen-binding adhesin gene (cna), staphylococcal enterotoxins A (sea), B (seb), C (sec), D (sed), E (see), G (seg), H (seh), I (sei), exfoliative toxins (eta and etb), Panton-Valentine leukocidin (PVL) and toxic shock syndrome toxin-1 (TSST-1) was determined for all strains by PCR (Jarraud et al., 2002; Ma et al., 2005) .
PFGE typing. A total of 49 MRSA strains isolated from the intensive care unit were chosen for PFGE typing analyses. Briefly, agarose plugs containing chromosomal DNA of tested strains were restricted with SmaI restriction enzyme and separated using a CHEF-DR III system (Bio-Rad Laboratories). Resulting pulsotypes were analysed using the Fingerprinting II software (version 1.0; Bio-Rad Laboratories). Pulsotypes were clustered based on a similarity cut-off point of 80 % .
Association between typing methods. Association among SCCmec, virulence gene and PFGE typing was analysed using the Statistical Package for the Social Sciences (version 15.0). Comparison of variables was determined using Fisher's exact test, where P<0.05 was considered statistically significant.
RESULTS AND DISCUSSION

Bacterial strains and patient demographic profiles
Numerous studies on nosocomial MRSA have been carried out in various medical centres; nevertheless, data on Malaysian MRSA remain limited. Only a few studies on Malaysian MRSA have been reported, and these were conducted in two different hospitals located in the Klang valley, namely, the University Malaya Medical Centre (UMMC) and HKL (Ghaznavi-Rad et al., 2010; Lim et al., 2012 Lim et al., , 2013 Thong et al., 2009) . Interestingly, all studies, including ours, were carried out during the same period. Our teaching hospital, UKMMC is also located in the Klang valley although it is relatively new (established in 1998) compared to UMMC and HKL, which were established before the 1970s.
In 2009, a total of 318 MRSA infections were recorded in the UKMMC, where only the first isolate of each infection was included in our study, giving a prevalence of 26.5 % for all staphylococcal infection. We included only the first isolate of each infection in our study, as this gave a better estimate of case prevalence and also a better description of the infecting strain in each case, compared to other studies which used random sampling for their strain selection. UKMMC's MRSA prevalence was found to be lower than HKL (44.1 %), the biggest hospital in Malaysia (Ghaznavi-Rad et al., 2010) . This difference in prevalence may be due to the lower number of medium-dependency bays in our hospital compared to HKL; patients in medium-dependency bays are at higher risk of MRSA colonization compared to those in low-dependency bays (Kibbler et al., 1998) . In our study, the distribution of strains was highest in the medical, surgical, orthopaedic and intensive care units.
On average, our study patients were 53 years old, with a median of 58 years (age range, 0-87 years) and SD of ±21 years. The majority of the patients were male (66.0 %). Most patients were either Malay (46.2 %) or Chinese (42.2 %), and most strains were isolated from the medical (23.6 %) and surgical wards (23.3 %). Interestingly, we did not find a higher prevalence of MRSA infection in patients of Indian ethnicity as reported by the HKL study (Ghaznavi-Rad et al., 2010) . Demographic data of patients whose MRSA details were included in the study are presented in Table 1 . Table S1 (available in the online Supplementary Material) shows the antimicrobial resistance profiles of strains used in this study. A total of 108 strains (34.0 %) were resistant to ciprofloxacin, erythromycin and gentamicin, making this the most common antimicrobial susceptibility profile for our strains. All strains were susceptible to vancomycin and teicoplanin, and this finding is similar regarding all Malaysian MRSA strains published in other studies (Al-Talib et al., 2010; Lim et al., 2013; Thong et al., 2009) . Nevertheless, in a separate study, heterogeneous vancomycin-intermediate S. aureus strains were identified at prevalence differing by 3.5 % from our strains and 2.2 % from HKL, respectively (Neoh et al., manuscript in preparation) (Ramli et al., 2012 ).
Antimicrobial susceptibility testing
The resistance rates of Malaysian MRSA strains isolated from the Klang valley (including ours) towards ciprofloxacin, erythromycin and gentamicin remain high and constant in the range 80 % to 98 %, and this observation was also reported in MRSA isolated from Hospital Universiti Sains Malaysia, a hospital located on the east coast of Peninsular Malaysia (Al-Talib et al., 2010; Lim et al., 2013; Thong et al., 2009) . Comparatively, more differences were observed in MRSA resistance towards fusidic acid, clindamycin and rifampicin. For UKMMC strains, MRSA resistance rates towards fusidic acid and clindamycin increased from 12.7 % to 18.6 % and from 16.9 % to 23.6 %, respectively, from 2000 to 2009 (Alfizah et al., 2002) . Nevertheless, rifampicin resistance reduced from 15.5 % in 2000 to 6.6 % in 2009 (Alfizah et al., 2002) . Interestingly, even though our strains were also isolated in the Klang valley, the level of clindamycin resistance (23.6 %) was much lower compared to strains isolated from UMMC (96.0 %) (Lim et al., 2013) . Hospital Universiti Sains Malaysia strains were higher in fusidic acid (31.0 %) and rifampicin (20.0 %) resistance compared to our strains (18.6 and 6.6 %, respectively) and to those of UMMC (9.0 and 5.0 %, respectively) (Al-Talib et al., 2010; Lim et al., 2013) .
SCCmec typing
The majority (72.0 %) of our strains were classified as SCCmec type III-SCCmercury carrying ccrA3/B3, class A mec complex and ccrC, while only a few strains were typed as type IV (2.5 %), V (1.3 %) or II (0.3 %). None of the MRSA strains were of SCCmec type I or VI. We noted that a few strains (14.2 %) could be harbouring new SCCmec types, while 9.7 % of the strains were untypeable.
SCCmec type III appears to be the most common SCCmec type in Malaysia, as three other Malaysian studies also reported the same predominance of this type in their strains (Ahmad et al., 2009; Ghaznavi-Rad et al., 2010; Lim et al., 2013) . The SCCmec type also appears to be predominant in Asia (60.2 %), except for Japan and Korea; a study of 615 MRSAs from 11 Asian countries found SCCmec type III to be the most common (Chongtrakool et al., 2006) . Comparatively, the prevalence of SCCmec types IV and V, which are usually associated with community-acquired MRSAs, was lower in both our hospital and other Malaysian hospitals (Ahmad et al., 2009; Ghaznavi-Rad et al., 2010; Lim et al., 2013; Thong et al., 2009 ). We did not observe a rise in SCCmec type IV (usually found in sequence type 22 MRSAs), unlike in Singapore (Hsu et al., 2015) . The absence of SCCmec types I and VI was observed not just in our hospital but also in other Malaysian reports. (Ahmad et al., 2009; Ghaznavi-Rad et al., 2010; Lim et al., 2013; Thong et al., 2009 ).
Virulence gene carriage
Most of our strains (49.3 %) carried the sea+cna gene combination, followed by cna only and the sea+seh+cna combination (both 14.1 %). Twelve (3.8 %) strains harboured the PVL gene either singly or in combination with other genes, while none of the strains harboured the TSST-1 gene. A total of 12 (3.8 %) strains were negative for the tested toxin genes. Table S2 shows the virulence gene profile of strains used in this study.
We found the cna gene to be the most prevalent virulence gene (94.0 %) detected in our strains, followed by sea (70.1 %) and seh (20.8 %). cna was also the most prevalent virulence gene detected in the HKL strains (99.0 %); their 
NT, Non-typeable; NP, new pattern; Ox, oxacillin; P, penicillin; CIP, ciprofloxacin; E, erythromycin; GM, gentamicin; D, fusidic acid; C, chloramphenicol; CC, clindamycin; MUP, mupirocin; RA, rifampicin; TEC, teicoplanin; VA, vancomycin; R, resistant; S, susceptible; NA, data not available.
Antibiotic resistance and molecular typing of Malaysian MRSA MRSAs were also common in sea carriage (87.7 %) (Ghaznavi-Rad et al., 2010) . Intriguingly, MRSAs isolated from the other hospital in Klang valley, the UMMC, were not found to carry cna (0 %) (Lim et al., 2012) . The UMMC strains also carried sea, though at a lower frequency (38.8 %), and had a higher prevalence of sec (19.1 %) (Lim et al., 2012) . No MRSAs isolated from these three hospitals in the Klang valley carried sed or see, and neither were these two genes detected in methicillin-susceptible S. aureus isolated in our hospital in the same period (Neoh et al., manuscript under review) . Regarding the virulence gene profile, MRSAs from the UKMMC and HKL were probably closer phylogenetically compared to the strains isolated from the UMMC.
PFGE typing
PFGE analyses revealed four clusters identified as pulsotypes A, B, C and D, as shown in Fig. S1 . The most dominant pulsotype was C which consists of 19 strains. Four singletons were also identified. On further analysis, pulsotype C was found to be associated with carriage of SCCmec type III and sea (P=0.05 and P=0.02, respectively). No association was found between pulsotype and antimicrobial resistance. Table 2 shows the pulsotypes, SCCmec types, virulence genes and antimicrobial resistance profiles of strains used for PFGE typing.
In a study by Tan et al. (2013) , which focused only on a subset of MRSAs from the medical and surgical wards in UKMMC, the dominant pulsotype was designated as 'B', which is similar to pulsotype 'C' of the present study. The representative strains of this pulsotype have been wholegenome sequenced and belong to sequence type 239, which is also the same sequence type of the majority of MRSA in HKL and UMMC (Ghaznavi-Rad et al., 2010; Lim et al., 2013; Neoh et al., 2013) . Lim et al. (2013) also identified a dominant pulsotype for their MRSA isolated from the UMMC.
Association between SCCmec, antibiotic resistance and virulence gene typing Several significant associations were found between strains SCCmec types and their antibiotic resistance and virulence gene carriage. SCCmec type III strains were significantly associated with resistance to ciprofloxacin, erythromycin, gentamicin and clindamycin (all P=0.01), and also the carriage of sea, seg, sei, cna and PVL (all P=0.01). Regarding strains of SCCmec type IV, these were usually resistant to ciprofloxacin and gentamicin (both P=0.01) and, like the SCCmec type III strains, usually carried the genes sea, seg, sei, cna and PVL (all P=0.01). Interestingly, SCCmec type V MRSA was not found to be associated with antimicrobial resistance in our study. However, the SCCmec type was associated with sec (P=0.01), seg (P=0.02), sei (P=0.01) and PVL (P=0.01) carriage.
The existence of associations between certain SCCmec types with a particular antimicrobial resistance profile or virulence gene carriage has been reported before; nevertheless, not all studies reveal the same findings, and in some, no association was observed (Kim et al., 2006; Machuca et al., 2013) . This could be due to differences in the evolutionary lineage of MRSA strains under study. Regarding MRSAs isolated from UMMC, SCCmec type III MRSA was associated with multidrug resistance, while more SCCmec type IV strains were reported to be multidrug resistant in 2008 compared to 2003 (Lim et al., 2013; Thong et al., 2009) . Regarding HKL strains, sea-harbouring strains were associated with sequence type 239, which is usually SCCmec type III (Ghaznavi-Rad et al., 2010) .
In conclusion, the dominant MRSA genotype isolated from UKMMC in 2009 has been determined as strains carrying SCCmec type III-SCCmercury, with the presence of ccrC, and harbouring the virulence genes of sea and cna. The dominant strain was also ciprofloxacin, erythromycin and gentamicin resistant. These characteristics appear to be typical of Malaysian MRSA strains isolated in the years 2003 to 2009. A more recent, multi-centre study including MRSA isolated from East Peninsular Malaysia and East Malaysia (Borneo) will determine whether this dominant clone is still prevalent in Malaysiaa, and will also provide a more comprehensive picture of the molecular epidemiology of Malaysian MRSA.
